Article ID 240205027

Harnessing Microbial Power: The Role of Bacteria in Aquaponics Systems
Saishree Priyadarshini', Rajeswari Das?, Suman G. Sahu? and Varanasi Adarsh®"
13*Under graduate, School of Agriculture, Gandhi Institute of Engineering & Technology University, Odisha,
Gunupur
2Assistant Professor, Dept. of Soil Science & Agricultural Chemistry, School of Agriculture, Gandhi Institute
of Engineering & Technology University, Odisha, Gunupur
*Corresponding Author: varanasiadarsh229@gmail.com

Abstract

Traditional agricultural methods are no longer
viable due to the world's expanding food demand,
water scarcity, and environmental degradation.
Aquaponics, a cross between hydroponics and
aquaculture, provides a sustainable alternative by
reducing chemical inputs, safeguarding natural
habitats, and lowering agricultural runoff. This
method converts fish waste into essential nutrients for
plants by utilizing microbes to accelerate the cycling of
nutrients. Because of its bioconversion process, which
ensures superior agricultural outputs and water
savings, aquaponics is a sustainable and effective
method of food production. Understanding and
maintaining healthy bacterial colonies is crucial for

these systems to successfully promote
environmentally conscious agriculture.

Introduction

Aquaponics

Aquaculture, or the cultivation of aquatic
creatures like fish, and hydroponics, or the growing of
plants in water, are harmoniously combined in this
creative and sustainable technique of producing food.
This results in a dynamic ecosystem that benefits both
fish and plants. Compared to conventional farming
techniques, this approach minimizes waste output and
water use while efficiently producing fish and
vegetables in a regulated setting.

In this scenario, fish are raised in tanks, and
their organic waste serves as a valuable source of
nutrients for plant growth. Meanwhile, hydroponic
farming utilizes fish excrement as a natural filtration
system and fertilizer for plants to thrive in water
without soil. This approach also helps in naturally
purifying the water. At the core of this clever
symbiotic system is bacteria, which efficiently convert
the harmful ammonia in fish waste into nitrates,
essential nutrients for plant development. Emulating
the resilience and balance observed in natural
ecosystems, this sophisticated closed-loop life system
ensures efficient resource utilization and waste

recycling. By harnessing natural biological processes,
this integrated system produces food in a sustainable,
efficient, and environmentally friendly manner.
Bacteria, despite being tiny, play a significant role in
maintaining the balance of the system by converting
fish waste into nutrients that plants can utilize (Fig-1).
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Decoding aquaponics: from water to plate

In aquaponics, a mutually beneficial
environment is created as fish and plants coexist in a
closed-loop system. The fish, including species like
tilapia, catfish, trout, and koi, are kept in tanks and
supplied with a balanced diet. Their waste, mostly in
the form of ammonia (NHs) expelled through their
gills and urine, is a key element of the system.
Selecting the right fish species is influenced by factors
such as climate, farmer preferences, and system
design. The plants, on the other hand, primarily derive
their nutrients from the waste produced by the fish.

Ammonia-filled water from the fish tank
enters the biofilter, a vital part where nitrifying
bacteria reside. These bacteria infect surfaces like tank
walls, gravel, sand, or specific plastic bio balls used as
grow bed substrates. They also colonize the biofilter
medium. On the surfaces of the biofilter, these bacteria
create a biofilm, where they carry out the vital function

Volume 2, Issue 5 (August, 2024) 80

AgriTech

%m Today


mailto:varanasiadarsh229@gmail.com

Harnessing Microbial Power: The Role of Bacteria in Aquaponics Systems

of changing ammonia into nitrite and nitrite into
nitrate (Eck et.al, 2019).

Aquaponics uses grow beds where plants
absorb nitrates and other nutrients through their roots,
receiving nutrient-rich water from the fish tank. The
plants filter the water by acting as natural biofilters.
Depending on the amount of nutrients and the
surrounding circumstances, a variety of plants, such as
leafy greens, herbs, and fruiting plants, can be grown.
These plants grow in water directly or in an inert
media such as gravel or clay pebbles that provide
stability, aeration, and drainage. The roots receive a
consistent supply of nutrients because they are
exposed to nutrient-rich water either continually or
sporadically.

An efficient water circulation system returns
the cleansed water to the fish tank once it has absorbed
nutrients, forming a closed-loop system. By using
pumps and appropriate piping to guarantee effective
water flow and aeration, this recirculation keeps the
fish's habitat steady and supplies the plants with
regular nutrients. By recycling and reusing waste
materials, this system promotes resource efficiency
and sustainability by imitating natural ecosystems.

Bacteria: guardians of aquaponics

The Aquaponic General Cycle
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Fig. 2 The Symbiotic Aquaponic Cycle

Bacteria are essential to the nitrogen cycle in
aquaponics, which is essential to the production and
health of the system. Through their transformation of
toxic molecules into helpful ones, they preserve a
balanced and sustainable environment by
guaranteeing fish-friendly water and a consistent
supply of nutrients for plants.

There are two primary nitrifying bacterial
species involved in the nitrogen cycle in aquaponics.
Fish waste contains ammonia (NHs), which is
converted into nitrite (NO;") by ammonia-oxidizing

bacteria (AOB), such as Nitrosomonas. After that,
nitrite is further transformed into nitrate (NOs’), an
essential nitrogen source for plant development, by
nitrite-oxidizing bacteria (NOB), such as Nitrobacter
(Fig-2). In aquaponics systems, the proper operation of
these bacteria is crucial for preserving water quality
and promoting plant growth. Bacteria are essential to
the nitrogen cycle in aquaponics, which is essential to
the production and health of the system. Through
their transformation of toxic molecules into helpful
ones, they preserve a balanced and sustainable
environment by guaranteeing fish-friendly water and
a consistent supply of nutrients for plants.

In aquaponics, two primary nitrifying
bacterial species are essential for the nitrogen cycle.
Ammonia-oxidizing bacteria (AOB) like
Nitrosomonas convert fish waste ammonia (NHs) into
nitrite (NO2"). Subsequently, nitrite-oxidizing bacteria
(NOB) like Nitrobacter transform nitrite into nitrate
(NOs7), a crucial nitrogen source for plant growth. The
proper functioning of these bacteria is vital for
maintaining water quality and promoting plant health
(Stathopoulou et. al, 2018).

Key factors for bacterial optimization

To ensure optimal growth of nitrifying bacteria
in aquaponics, it is essential to create ideal conditions.
Enhancing biofiltration can be achieved by using
materials with high specific surface areas, like volcanic
gravel or biofilter balls, to facilitate colonization and
biofiltration. Bacterial growth thrives within a pH
range of 6-7 and a temperature range of 17-34°C. It is
also important to protect against UV radiation and
maintain dissolved oxygen levels of 4-8 mg/liter.
Monitoring levels of ammonia, nitrite, and nitrate can
provide valuable health information and prompt
adjustments to the biofilter size or water quality
management. Additionally, incorporating beneficial
bacterial supplements and biological filtration systems
can further promote the growth of nitrifying bacteria
and sustain the stability and health of aquaponic
systems (Stathopoulou et. al, 2018).

Conclusion

Success in aquaponics depends on an
understanding of bacterial dynamics, which increases
nutrient availability and resilience. While nitrifying
bacteria transform toxic ammonia into nitrates,
differentiated microbial communities promote plant
growth. The cycling of nutrients is facilitated by
biofilms, and temperature, pH, and dissolved oxygen
all affect bacterial activity. The biggest obstacles are
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preventing the spread of pathogens and preserving
ideal circumstances. Future developments in
technology and probiotics may improve germ control.
In addition to producing strong crops, aquaponics
reduces the need for artificial fertilizers, encourages
natural nutrient cycling, and conserves water.
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